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Description 

Background of the Invention 

(1) Field of the invention 

5 The present invention relates to a novel compound and a composition comprising this acrylate 

compound as one component and having a good adhesiveness. 

(2) Description of the Invention 

Recently, adhesiveness are widely used in the fields of metals, organic polymers, ceramics, medical 
70 treatments and the like, and they play important roles for reducing the weight of apparatus, attaining an 
energy-saving effect and exerting a high performance. As the known reaction type adhesive, there can be 
mentioned an epoxy resin, a urethane resin, an unsaturated polyester and a cyanoacrylate adhesive. Of 
these reaction type adhesives, an adhesive having a high bonding strength is insufficient in that the curing 
speed is slow and aging should be carried out at a high temperature or for a long time, and an adhesive 
is which is cured in a short time, such as a cyanoacrylate adhesive, is insufficient in that the water resistance 
is poor. 

In contrast, an adhesive of the acrylate monomer type can be cured by various means such as heating, 
room temperature and light, and the curing time can be controlled within a broad range. However, the 
adhesive force of this adhesive is a so-called fitting force manifested on convexities and concavities of a 
20 surface to be bonded, which are formed by various surface treatments. Accordingly, development of an 
adhesive capable of exerting an adhesive force without any surface treatment is eagerly desired. 

As means for satisfying this desire, there has been proposed a method in which a variety of carboxyl 
group-containing acrylate compounds are used for enhancing the adhesive force. For example, in Journal 
of The Japan Society for Dental Apparatus and Materials, 8 r 14, pages 36—43, it is taught that acrylate 
25 compounds represented by the following formulae: 

CH 3 

HpC = C - CO - NH - CH - COOH 
30 c I 



35 



40 



and 



CH 2 - COOH 
CH 3 

CH 2 = C /CH 2 - COOH 

CONH-^0)-N <^ 

CH 2 - COOH 



are effective for bonding of ivory. 

These carboxyl group-containing acrylate compounds are considerably improved in the adhesive force 
45 over the known adhesives, but these acrylate compounds are still insufficient in the bonding capacity in the 
wet state, the long-period water resistance and the resistance to repeated heating in water. Accordingly, it 
is desired that these insufficient properties will be improved. 

Summary of the Invention 

so It is therefore a primary object of the present invention to provide a novel adhesive compound having a 
high adhesive force. 

Another object of the present invention is to provide a novel compound having a durable 
adhesiveness. 

Still another object of the present invention is to provide a novel compound valuable as a dental 
55 adhesive and an adhesive composition comprising this novel compound. 

Another object of the present invention will become apparent from the following detail description. 
In accordance with the present invention, there is provided an acrylate compound represented by the 
following general formula: 
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c c n ^^COOH 
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wherein stands for a hydrogen atom or an alky! group having 1 to 4 carbon atoms, R 2 stands for an 
alkylene group having 2 to 20 carbon atoms, R 3 stands for a hydrogen atom or an alkyl group having 1 
to 20 carbon atoms when n is 1, and n is 1 or 2. 

In accordance with another aspect of the present invention, there is provided an acrylate compound 
composition comprising (a) an acrylate compound represented by the above-mentioned general formula (I) 
and (b) at least one member selected from the group consisting of a vinyl monomer copolymerizable with 
the acrylate compound (a), (c) a polymerization catalyst and (d) a filler. 

Brief Description of the Drawings 
Fig. 1 shows the infrared absorption spectrum of an acrylate compound obtained in Example 1. 
Figs. 2, 3 and 4 show the 1 H-nuclear magnetic resonance absorption spectra of acrylate compounds 
obtained in Examples 1, 4 and 5, respectively. 

Detailed Description of the Preferred Embodiments 
The compound provided according to the present invention is an acrylate compound represented by 
the following general formula: 

Rl (I ?3>2- 



l 1 I ^^-COOH , _ 

(CH 2 =C-COO-R 2 -thC <C (D 



In the above general formula (I), R-, stands for a hydrogen atom or an alkyl group having 1 to 4 carbon 
atoms. In view of the easiness of the industrial preparation, a hydrogen atom or a methyl or ethyl group is 
preferred. Of course, propyl and butyl groups may be similarly selected. 

In the above general formula (I), R 2 stands for an alkylene group having 2 to 20 carbon atoms, 
preferably 4 to 20 carbon atoms. As preferred examples, there can be mentioned 



CH 2 , 2 . 

-t CH£r^ -e CH 2 -n, -t- CH 2 -r 5 ,-f CH-CH 2 -CH^, 

CH3 CH3 
"t CH 2 1-6, "t CH-CH 2 -CH 2 -CHt\ "t CH 2 t 7 , 

CH3 CH3 
"t CH 2 1- 8l -t CH 2 -r 9 , -f CH2T10. -t CHfr u and 
4- CH 2 -h 12 . 



In the above general formula (I), R 3 is present when n is 1. In this case, R 3 stands for a hydrogen atom or 
45 an alkyl group having 1 to 20 carbon atoms, preferably 1 to 4 carbon atoms. As preferred examples, there 
can be mentioned 

CH 3 

50 -CH 3> -C2H 5t -C^y, -CH<^ f 

CH 3 

CH 3 

55 -C^Hg, - C - CH 3I -C 5 H Uf -C 6 H 13 , 

CH 3 



60 



«C ? H 15 , -C 8 H 1?f -CgHjg and -C 1Q H 21 , 



In the above general formula (I), n is 1 or 2, and it is generally preferred that n is 1. 
Of the acrylate compounds represented by the general formula (I), co-acryloxy-a,a-alkane-dicarboxylic 
acids and c^methacryloxy-aa-alkane dicarboxylic acids are especially preferred. As specific examples, the 
55 following compounds can be mentioned: 
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COOH 



\ 



(CH 2 =C -CO(HCH 2 T6J" 2 C ^ 



COOH, 
COOH 



COOH 



CH3 COOH CH3 

CH 2 =C-COOfCH 2 t6CH^ [cH 2 =C-COOfCH 2 tlsJ 2 C 



COOH, 

CH3 ^ ^COOH 



?»3 / 
CH 2 =C-CCO+CH 2 i-8CH^ 



H 



COOH, 
COOH 

COOH, 
COOH 



H 
I 



■'°)2 \ 
/ 



COOH, 
COOH 



CH 2 =C-COOfCH 2 )- 1 oCH 



CHo 



|CH 2 =C-COOfCH 2 ) 10 j ^C^ CH^C-COOfCH^oCH 



\ 



COOH, 
COOH 



COOH, 



\ 



CH 3 

CH 2 =C -COOtCH^ 2 CH 



COOH 



\ 



CH- 



COOH, 



COOH, 
COOH 



H CH 3 COOH 

CH 2 =C-COOfCH 2 -^ 6 C X 



CH 3 



^COOH, 
CH^/COOH 



fcH 2 =C-COOiCH 2 ti^f- C 

COOH, 

H CH 3 COOH 

CH 2 =C-COOtCH 2 -ti 0 C ^ 

COOH, 



cH 2 =c-coo-ecH 2 -r 6 c 



CH 3 CH 3 COOH 

and CH 2 =C-COOtCH 2 -t- 10 C ' 
COOH XOOH. 



The acrylate compound represented by the general formula (I) is a colorless or light-yellow transparent 
40 liquid. 

The acrylate compound of the present invention can be identified by the following measurements. 

(A) Measurement of Infrared Absorption Spectrum (IR) 

When IR of the compound represented by the general formula (I) is measured, an absorption attributed 
45 to an aliphatic carbon-hydrogen bond is observed in the vicinity of 3000—2800 cm \ a strong absorption 
attributed to a carbonyl group is observed in the vicinity of 1800 — 1600 cm -1 , a strong absorption attributed 
to a carbonyl group is observed in the vicinity of 1800— 1600 cm -1 and an absorption attributed to a carbon- 
to-carbon double bond is observed in the vicinity of 1650—1620 cm -1 . 

so (B) Measurement of 'H-Nuclear Magnetic Resonance Spectrum ('H — NMR) 
(tetramethylsilane as reference; measurement of 5ppm) 

(1) A peak attributed to a proton of a methylene group or a methyl group appears in the vicinity of 
0.8—2.0 ppm. 

(2) In the case where R, in the general formula (I) is CH 3 , a peak attributed to a proton of a methyl group 
55 appears in the vicinity of 1.9 ppm. 

(3) In the case where R 3 in the general formula (I) is a hydrogen atom, a peak attributed to a proton of a 
methine group appears in the vicinity of 3.0 — 3.6 ppm. 

(4) A peak attributed to a proton of a methylene group adjacent to 



60 



65 



appears in the vicinity of 3.7 — 4.5 ppm. 

(5) A peak attributed to a proton of a double bond appears in the vicinity of 5.2 — 6.6 ppm. 
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(6) A peak attributed to a proton of a carboxylic acid appears fn the vicinity of 9—12 ppm. This peak 
disappears by substitution with deuterium. 

(C) Mass Analysis 

5 The molecular weight can be confirmed by using the electric field desorption ionization method 

(referred to as "MS— FD") as means of the mass analysis. Supposing that the molecular weight of the 
acrylate compound of the present invention is M, the peak of the molecule ion is observed at the position of 
M® + 1 or M®. 

70 (D) Elementary Analysis 

The acrylate compound of the present invention can be identified by comparing the results of the 
analysis of carbon and hydrogen with the theoretical values calculated from the general formula (I). 

According to the above-mentioned various measurement methods, the acrylate compound 
represented by the general formula (I) can be identified. 
/5 The process for the preparation of the acrylate compound represented by the general formula (I) is not 
particularly critical, but an optional process may be adopted. An industrially preferable example of the 
preparation process will now be described. 

An acrylate compound of the general formula (I) is prepared by reacting a vinyl compound represented 
.by the following general formula: 



20 



25 



35 



40 



45 



CH 2 =C (ID 

I 

coz 



wherein R, is as defined above and Z stands for a hydroxy! group or a halogen atom, 
with an alcohol compound represented by the following general formula: 

HO - R, - T<^°° H OH) 



wherein R 2 is as defined above and R' 3 is the same as R 3 or is a group of the formula — R 2 — OH. 
Any of known compounds represented by the general formula (II) can be used without any limitation. 
For example, when Z is a hydroxyl group, there can be mentioned acrylic acid, methacrylic acid and ethyl- 
acrylic acid, and when Z is a halogen atom, there can be mentioned acryloyl chloride, methacryloyl 
chloride, ethylacryloyl chloride, acryloyl bromide, methacryloyl bromide and ethylacryloyl bromide. 

Any of alcohol compounds represented by the general formula (III) may be used irrespectively of the 
synthesis process. An example of the synthesis process will now be described. 

Namely, an alcohol compound represented by the general formula (III) is prepared by reacting a 
malonic acid ester represented by the following general formula: 

0 
II 

C - 0 - R 6 

R"3HC X (IV) 
so C - 0 - R ? 



wherein R" 3 stands for a hydrogen atom or an alkyl group having 1 to 20 carbon atoms and R 6 and R 7 , 
which may be the same or different, stand for an alkyl group having 1 to 20 carbon atoms or an aryl 
group, 

with a halogenated alcohol compound represented by the following general formula: 

HO— R 2 — Z' (V) 

wherein R 2 is as defined above and Z' stands for a halogen atom, 
and hydrolyzing the reaction product. m 

Any of known malonic acid esters represented by the general formula (IV) can be used without any 
limitation. For example, there can be mentioned dimethyl malonate, diethyl malonate, dipropyl malonate, 
diisopropyl malonate, dibutyl malonate, di-tert-butyl malonate, diphenyl malonate, bismethylphenyl 
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malonate, naphthyl malonate, dimethyl methylmalonate, diethyl methylmalonate, dimethyl ethylmalonate, 
diethyl ethylmalonate, diethyl propyl malonate, diethyl isopropy I malonate, diethyl butylmalonate, dimethyl 
butylmalonate, diethyl penty I malonate, diethyl hexyimalonate, diethyl octylmaionate, diethyl nonyl- 
malonate and diethyl decylmaionate. 

Any of known halogenated alcohol compounds represented by the general formula (V) can be used 
without any limitation. Compounds of the general formula (V) in which Z' is a bromine atom or an iodine 
atom are especially preferred. As examples preferably used in the present invention, there can be 
mentioned 4~bromo-1-ethanol, 5-bromo-1-pentanol, 5-bromo-2-pentanol, 6-bromo-1-hexanol, 5-bromo-2- 
hexanol, 7-bromo-1-heptanol, 8-bromo-1-octanol, 9-bromo-1-nonanol, 10-bromo-1-decanol, 11-bromo-1- 
undecanol, 12-bromo-1-dodecanol, 6-iodo-1-hexanol and 10-iodo-1-decanoi. 

In the above-mentioned reaction, the molar ratio of the malonic acid ester of the general formula (IV) to 
the halogenated alcohol compound of the general formula (V) may be within the range of from 0.1 to 10. 
However, when an alcohol compound of the general formula (III) in which R' 3 is a hydrogen atom or an 
alkyl group is obtained, it is preferred that 1 mole of the halogenated alcohol compound be reacted with 1 
mole of the malonic acid ester, and when an alcohol compound of the formula (III) in which R' 3 is — R 2 — OH 
(in which R 2 is as defined above) is obtained, it is preferred that 2 moles of the halogenated alcohol 
compound be reacted with 1 mole of the malonic acid ester. It is preferred that an alkali metal, an alkali 
metal hydride or an alkali metal alcoholate, such as metallic sodium, metallic potassium, sodium hydride or 
sodium ethylate, be used in an amount of 1 to 2 moles per mole of the malonic acid ester for the above 
reaction. As the solvent, there may be used methanol, ethanol, isopropyl alcohol, 2-methyl-2-propanol, 
benzene and chloroform. The solvent may be used in an amount of at least 50% by volume, preferably 100 
to 1000% by volume, based on the malonic acid ester. The reaction conditions are not particularly critical. 
The reaction temperature is at least 50°C, preferably 60 to 100°C, and the reaction time is at least 30 
minutes, preferably 1 to 5 hours. After completion of the reaction, the reaction mixture is filtered and the 
solvent is distilled under reduced pressure, and hydrolysis is carried out by an alkali, whereby an alcohol 
compound of the general formula (III) can be obtained. As the alkali, there is used an aqueous solution of an 
alkali metal hydroxide such as sodium hydroxide or potassium hydroxide having a concentration of 5 to 
50% by weight, preferably 10 to 30% by weight, and the alkali is used in an amount of at least 2 moles, 
preferably 2.5 to 4 moles, per mole of the malonic acid ester. The hydrolysis temperature is not particularly 
critical, but it is preferred that the hydrolysis temperature be at least 50°C, especially 80 to 120°C. After 
completion of the hydrolysis, an alcohol formed as the by-product by the hydrolysis is distilled under 
reduced pressure. Then, an acid such as hydrochloric acid or sulfuric acid is added to the residue to reduce 
the pH value below 3. The reaction product is ordinarily solid or liquid, though the state differs according to 
the kind of R 2 or R' 3 in the general formula (III). In the case where the reaction product is solid, the reaction 
mixture is filtered and the solid is washed with water and dried under reduced pressure. In the case where 
the reaction product is liquid, the reaction product is isolated and recovered by extraction with a solvent 
separable from water, such as ethyl acetate, diethyl ether or methyl isobutyl ketone. 

The method for the reaction between the vinyl compound of the general formula (II) and the alcohol 
compound of the general formula (III) is not particularly critical. A preferred example of the reaction 
method will now be described. 

More specifically, in the case where Z of the vinyl compound represented by the general formula (II) is 
a halogen atom, an acrylate compound of the general formula (I) is obtained by the following reaction. The 
vinyl compound of the general formula (II) is reacted in an equimolar amount or slight molar excess to the 
OH group of the alcohol compound of the general formula (III). The kind of the solvent is not particularly 
critical, but tetrahydrofuran, acetone, diethyl ether, dichloromethane, chloroform and benzene are 
generally used. The solvent is used in such an amount that the concentration of the alcohol compound of 
the general formula (111) is 0.1 to 50% by weight, preferably 1 to 10% by weight. When the vinyl compound 
is dropped, the reaction is carried out at a temperature lower than 30°C, preferably under ice cooling, and 
after completion of dropping of the vinyl compound, the reaction is carried out at a temperature lower than 
70°C, preferably 10 to 40°C. It is preferred that this reaction be carried out in the presence of a base such as 
trimethyiamine, triethylamine or pyridine. The base is preferably added in an equimolar amount or slight 
molar excess to the vinyl compound. It also is preferred that a small amount of a polymerization inhibitor 
such as hydroquinone, hydroquinone monomethyl ether or butyl hydroxytoluene be added. After 
completion of the reaction, the salt formed as the by-product is removed by filtration and then, the solvent 
is distilled under reduced pressure, whereby the acrylate compound can be isolated and recovered. 
Preferably, the so-obtained product is dissolved in a solvent such as dichloro methane, chloroform, 
benzene, toluene, n-hexane or cyclohexane, the solution is washed with a dilute aqueous solution of hydro- 
chloric acid and then washed with water 2 to 5 times, and the solvent is distilled under reduced pressure, 
whereby the product is purified. 

In the case where Z of the vinyl compound represented by the general formula (II) is a hydroxyl group, 
the acrylate compound of the present invention can be obtained by reacting this vinyl compound with the 
alcohol compound represented by the general formula (HI) in the following manner. Namely, the alcohol 
compound of the general formula (III) and the vinyl compound of the general formula (II) are subjected to 
dehydration reaction, whereby the acrylate compound of the present invention can be obtained. It is 
preferred that the reaction is carried out in the presence of an acid catalyst As the acid catalyst there are 
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preferably used p-toluene-sulfonic acid, benzene-sulfonic acid and sulfuric acid. The amount of the catalyst 
is 0 1 to 20% by weight, preferably 1 to 10% by weight, based on the vinyl compound. As the method for 
removal of water, there may be adopted a method in which the removal is carried out under reduced 
pressure and a method in which the removal is carried out under reflux with benzene or toluene. The 
reaction conditions are not particularly critical, but the reaction temperature is preferably 50 to 120°C. It also 
is preferred that a small amount of a polymerization inhibitor such as hydroquinone or hydroquinone 
monomethyl ether is added. After completion of the reaction mixture, the reaction misture is transferred to 
a separating funnel, a solvent such as benzene, toluene, chloroform or dichloromethane is added, 
neutralizing washing is carried out by using an aqueous solution of sodium carbonate or sodium hydrogen- 
carbonate, washing is further conducted with dilute hydrochloric acid and water, and the solvent is distilled 
under reduced pressure, whereby an acrylate compound represented by the general formula (I) can be 
isolated and recovered. 

The acrylate compound represented by the general formula (I) according to the present invention has 
an excellent adhesiveness. Accordingly, the acrylate compound of the present invention is preferably used 
as an adhesive in combination with other copolymerizable vinyl monomer. Various embodiments may be 
considered for using the acrylate compound of the present invention as an adhesive. In general, however, 
the following embodiments are preferred. 

More specifically, in accordance with one preferred embodiment of the present invention, there is 
provided (A) an acrylate compound composition comprising (a) 1 to 50% by weight of an acrylate 
compound represented by the general formula (I) and (b) 99 to 50% by weight of other vinyl monomer 
copolymerizable with said acrylate compound. m 

In accordance with another preferred embodiment of the present invention, there is provided (B) an 
acrylate compound composition comprising (a) 1 to 50% by weight of an acrylate compound represented 
by the general formula (I), (b) 99 to 50% by weight of other vinyl monomer copolymerizable with said 
25 acrylate compound and (d) 5 to 500% by weight of a filler. 

When the above-mentioned composition (A) or (B) is used as an adhesive, it is necessary that {0 a 
polymerization catalyst should be incorporated in an amount of 0.05 to 5% by weight based on the total 
amount of the acrylate compound (a) and the copolymerizable vinyl monomer (b). 

Any of vinyl monomers copolymerizable with the acrylate compound (a) may be used as the 
so copolymerizable vinyl monomer (b). When the composition (A) or (B) is used in the dental field, an acrylate 
monomer different from the acrylate compound (a) is used. The foregoing acrylate monomers may be used 
without any particular limitation. Vinyl monomers copolymerizable with the acrylate compound (a), which 
are preferably used, are described below.- 

35 0) Vinyl monomers represented by the following general formula: 

R i /Rd 

l 1 / <* (VI) 

CH 2 = C - COOC— R 9 11 

40 \p 



10 



15 



20 



45 



" R 10 

wherein B, is as defined above, and R 8 , R 9 and R 10 , which may be the same or different, stand for a 
hydrogen atom or an alky! group having 1 to 12 carbon atoms, which is unsubstituted or substituted 
with a hydroxyl group and/or an epoxy group. 

(2) Vinyl monomers represented by the following general formula: 

50 (CH 2 =C~-C00hr-*u W 

wherein R, is as defined above, m is a number of from 2 to 4, and when m is 2, R„ stands for an 
alkylene group having 2 to 10 carbon atoms or a group -fCH 2 CH 2 0 VCH 2 CH 2 (in which q is an integer 
55 of from 1 to 9), when m is 3, Rn stands for 



-CH^CCH 2 CH 3 or -CH^7 CCH 2 OH 
so ~CH 2 -CH 2 
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and when m is 4, R n stands for 

— CH 2 

I 

— CH 2 — C— CH 2 — . 
t 

— CH 2 

(3) Vinyl monomers represented by the following general formula: 



w 



Ri 

CH 2 = C-COO-r- Rir-0 VRi (VI,,) 

« wherein R, is as defined above, R 13 stands for an alkylene group having 2 to 4 carbon atoms and p Is a 

number of from 1 to 3. 

(4) Vinyl monomers represented by the following general formula: 

CHz^C-COOfR^-O^^C-^O^R^-OOC-C^CHg (IX) 

CH3 

wherein R, is as defined above, R 14 and R 15 , which may be the same or different, stand for an alkylene 
group having 3 to 4 carbon atoms, which is substituted with a hydroxyl group, and n is 1 or 2. 

(5) Vinyl monomers represented by the following general formula: 

R l r CH 3 > R l 

CH2=C-CO[^H2CH 2 0> i <^ (X) 

~* CH3 'n 

wherein Ri is as defined above, I is a number of from 0 to 2,kisa numberoffrom0to2and n is 1 or 2. 

(6) Vinyl monomers represented by the following general formula: 

40 R 1 o 

I II 

(CH 2 =C— COO— R 1(r -0-C— NHk-R 17 (X I) 

wherein R 1 is as defined above, R 16 stands for an alkylene group having 2 to 4 carbon atoms and R 17 
45 stands for an alkylene group having 4 to 12 carbon atoms. 

As specific preferred examples of the vinyl monomer, the following acrylates can be mentioned: 

CH 3 
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CH 2 =CH-COOCH 3 , CH 2 =C-COOCH 3 , 



I 3 



CH 2 =CH-COOC 2 H 5 , CH 2 =C-COOC 2 H 5 , 



CH 3 



CH 2 =CH-COOCH 2 CH(CH 2 ) 2 , CH 2 =C-COOCH 2 CH(CH 3 ) 2 , 

CH 3 

so CH 2 =CH-COOCH 2 CH 2 OH, CH 2 =C-C0OCH 2 CH 2 OH, 

CH 3 CH 3 
CH 2 =C-COOCH 2 CHOH , CH 2 =CH-COOCH 2 CHCH 2 , 
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CH3 



CH 2 =C-COOCH 2 CH-CH 2 , 
0 

CH 2 =CH-COO ( CH 2 ) 600CCH=CH 2 , 

CH3 CH3 
CH 2 =C-COO(CH 2 ) 600CC=CH 2 , 

CH3 CH3 CH3 

CH 2 =C-COOCH 2 CCH 2 OOCC=CH 2 , 
CH3 

CH 2 =CH-COOCH 2 ) 3CCH2CH3 , 
CH3 

CH 2 =C-COOCH 2 ) 3CCH2CH3 , 
CH3 • 

CH 2 =C-C00CH 2 ) 3 CCH 2 OH , 
CH 2 =CH-COO(CH 2 CH 2 0)30CCH=CH2, 

CH3 CH3 
CH 2 =C-COO(CH 2 CH 2 0 ) 3 OCC=CH 2 , 

CH3 " ~ CH3 

CH 2 =C-COO( CH 2 CH 2 0 ) q 0CC=CH 2 , 
CH2=CH-COOCH 2 CH 2 OCH3 , 

CHs 

CH 2 =C-C00 ( CH 2 CH 2 0 ) 2 CH 3 , 
CH3 

CH 2 =C -COO ( CH 2 CH 2 0 ) 3CH3 , 

? H 3 _ ? H 3 ' ?H 3 

CH2=C-COOCH 2 -CHCH20-<Q)-C-<JO)-0-CH2CHCH 2 OOCC=CH 2 , 
OH CH3 OH 

CH3 

CH 2 =CH-COO( CH2CHCH 2 -0-^^-C-^^-0t2CH2CHCH 2 OOCH=CH2 , 
OH CH3 OH 

CH 3_ 

CH2=CHCOO-^^-C-^^-OOCCH=CH 2 , 
CH3 

CH3 CH3 CH3 

CH 2 =C-COO-(^-C-^)-OOCC=CH2 , 
CH3 



9 



EP 0 206 810 B1 



CH 3 CH3 CH3 

CH 2 =C-COOCH2CH 2 0-@-C-^-OCH2CH 2 OOCC«CH 2 , 

CH3 

? H 3 CH 3 CH 3 

CH 2 =CC00(CH 2 CH 2 0i 7 -(g)-C-^)- (OCH 2 CH 2 ) 3 OOCC=CH 2 , 

CH 3 
CH 3 

CH 2 =CH-COfO-CH 2 CH 2 0-<g)-C^)i- 2 OCH 2 CH 2 OOCCH=CH 2 

CH 3 

?"3 8 fH3 CH3 ch 3 

CH 2 =C-COOCH 2 CH 2 OC-NHCH 2 -C-CH2-CHCH 2 CH 2 NHCOOCH 2 CH 2 OOCC=CH 2 . 

CH3 

The vinyl monomer represented by the general formula (VI) or (VII) may be singly copolymerized with 
the acrylate compound represented by the general formula (I), but in case of the vinyl monomer 
represented by the general formula (VIII), (IX), (X) or (XI), it is often preferred that the vinyl monomer be 
used in combination with the vinyl monomer of the general formula (VI) or (VII) and copolymerized with the 
acrylate compound of the general formula (I). For example, good results are obtained when 

CH3 CH 3 
CH 2 =C -COO ( CH 2 CH 2 o ) 3 -OCC=CH 2 , 
f H 3 CH 3 CH 3 

CH 2 =C-COOCH 2 CHCH 2 0-(o)-C-<2)-OCH2CHCH200CC=CH2 and 
OH CH 3 OH 

CH 3 

CH 2 =C-C00CH 2 CH 2 OH 
are mixed with the acrylate compound represented by the general formula (I), or when 

CH 3 CH 3 CH 3 

CH 2 =C-COOCH 2 -C-CH 2 OOCC=CH 2 and 
CH 3 

CH 3 CH 3 CH 3 

CH 2 = C -COOfCH 2 CH 2 0^^- C -^)- ( OCH 2 CH 2 t k OOCC =CH 2 

CH 3 

wherein I and k are selected from 1 and 2, and the acrylate is generally in the form of a mixture of a 
plurality of compounds of the above formula and in a typical instance, the mean value of (I + k) is 2.6, 
are mixed with the acrylate compound represented by the general formula (I). 

As specific examples of copolymerized vinyl monomers preferably used in the present invention, there 
can be mentioned methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl (meth)- 
acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, n-hexyl (meth)acrylate, 2-ethylhexyl (meth)- 
acrylate, tridecyl (meth)acrylate, stearyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
(meth)acrylate, glycidyl (meth)acrylate, methoxydiethylene glycol (meth)acrylate, ethylene glycol di(meth)- 
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acrylate diethylene glycol di(meth)acry!ate, Methylene glycol di(meth)acrylate, tetraethylene glycol di- 
(meth)acrylate, propylene glycol di(meth)acrylate, 1,3-butane-diol di(meth)acrylate, 1,4-butane-diol di- 
(meth)acrylate, 1,6-hexane-diol di(meth)acryiate, neopentyl glycol di(meth)acrylate, 1,10-decane-diol di- 
(meth)acrylate, bisphenol A di(meth)acrylate, 2,2-bis(meth)acryloyloxypolyethoxyphenyl)propane, 2,2 - 
bis(4-(3-methacryloyloxy-2-hydroxypropoxy)phenyl)propane, trimethylolpropane (meth (aery late, tn- 
methylolethane tri(meth)acrylate, tetramethylmethane tetra< meth )acry late and di{meth)acryloxy)trimetnyl- 
hexamethylene diurethane. 

As the filler (d), known organic polymers and inorganic substances customarily used for adnesives 
may be used without any particular limitation. An appropriate filler is selected and used according to the 
kind of an object to be bonded, or in case of some objects to be bonded, a filler may not be incorporated. 
Generally, by incorporation of the filler, the mechanical strength and water resistance can be improved, 
and the fluidity and coating property of the adhesive can be controlled. Therefore, good results are 
generally obtained when the filler is incorporated. 

As preferred examples of the filler, there can be mentioned inorganic substances such as quartz, 
amorphous silica, a compound of silica with titania or zirconia, clay, aluminum oxide, talc, mica, kaolin, 
barium glass, barium sulfate, zirconium oxide, tatanium oxide, silicon nitride, aluminum nitride, titanium 
nitride, silicon carbide, boron carbide, calcium carbonate, hydroxyapatite and calcium phosphate, organic 
polymers and oligomers such as polymethyl methacrylate, polyethyl methacrylate, polyvinyl chloride, 
polystyrene, polyesters and nylons, and organic-inorganic composite fillers. It is generally preferred that 
the inorganic filler be used after it has been treated with a silane coupling agent such as Y-methacryloyloxy- 
propyltrimethoxysilane or vinyltriethoxysilane. 

Of the above-mentioned fillers, polymethyl methacrylate, polyethyl methacrylate, a copolymer 
comprising methyl methacrylate or ethyl methacrylate as one component, amorphous silica, quartz, a 
compound ofsilica with titania or zirconia, titania, barium sulfate, hydroxy apatite and barium glass are 
especially preferred for adhesives to be used in the dental field. 

As pointed out hereinbefore, a polymerization catalyst is generally incorporated in the composition (A) 
or (B). An appropriate compound or an appropriate combination of a plurality of compounds is selected as 
the polymerization catalyst according to the polymerization method. Preferred examples will now be 
described. 

(1> TpoKSt^nratalyst capable of generating a radical under heating is generally used Typically 
oeroxides and azo compounds are used. Known peroxides or azo compounds may be used without any 
particular limitation. As the peroxide, there can be mentioned diacyl peroxides such as dibenzoyl peroxide, 
2 4-dichlorobenzoyl peroxide, dilaurolyl peroxide, dioctanoyl perox.de and decanoyl I perox.de, hydro- 
peroxides such as cumene hydroperoxide and t-butyl hydroperoxide, and ketone perox.des ^c" ^ cy c lo- 
hexanone peroxide and methylethylketone peroxide. As the azo compound, there are preferably used 2,2 - 
azobisisobutvronitrile, 4,4'-azobis(4-cyanovaleric acid) and 2,2'-azobis(2,4-valeronitnle). 

on the amount of the total monomers. The polymerization temperature differs according to the k.nd of the 
catalyst used, but it is generally preferred that the polymerization temperature .s 40 to 150 C. especally 50 
to 130°C. 

(2) P A°pSiYmerTzatio a n 'cTtalyst capable of generating a radical under irradiation with light, that is, a .photo- 
sensitizer is used. Various photo-sensitizers are known, and these known photo-sens.tizers may be used 
without any particular limitation in the present invention. As preferred examples, there can be ment.oned 
a-diketones such as diacetyl. acetylbenzoin, benzyl, 2,3-pentadione, 2,3-octad.one. 4,4'-d^ethoxybenzyl, 
o-naphthyi, B-naphthyl, 4,4'-oxybenzyl, camphorquinone. 9,10-phenanthrenequ.none and acenaphthene- 
ouinone, benzoin alkyl ethers such as benzoin methyl ether, benzoin ethyl ether and benzoin propyl ether, 
thioxanthone compounds such as 2,4-diethoxythioxanthone and methylthioxanthone, and benzophenone 
derivative such as benzophenone, p,p'-dimethylaminobenzophenone and P'P'- m ^ h °^ be "^P^ en ° n .^ ht 

It is preferred that the photo-sensitizer be incorporated in an amount of 0.05 to 5/o by weight, 
esDeciallv 0.1 to 2% by weight, based on the amount of the total monomers. 

When photo-curing is carried out, a curing promoter can be added simultaneously with the photo- 
sensitizer. As the curing promotor, there are preferably used amine compounds such as d.methyl- 
oaratoluidine. N.N'-dimethylbenzylamine, N-methyldibutylamine and dimethylam.noethyl methacrylate 
phosphite compounds such as dimethyl phosphite and dioctyl phosphite, cobalt compounds such as cobalt 
naohthenate. and barbituric acid compounds such as barbituric acid, 5-ethylbarb.tunc acid and 2- 
thiobarbituric add. It is preferred that the amount added of the curing promotor be 0.05 to 5% by weight, 

esoeciallv 0.1 to 1% by weight 

The photo-curing is accomplished by irradiation with ultraviolet rays by a high pressure, medium 
pressure or low pressure mercury lamp or with visible rays by a halogen lamp or xenon lamp. 
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(3) Room Temperature Polymerization 

In case of the room temperature polymerization, a peroxide is used as the polymerization catalyst. 
However, when a peroxide alone is used, a strong bonding force cannot be obtained by the room 
temperature polymerization, and hence, the peroxide is used in combination with an amine or amine salt 
and an organic sulfinic acid salt. 

The kinds of the peroxide, the amine or its salt and the sulfinic acid salt are not particularly critical. 
However, as the organic peroxide, there are preferably used diacyl peroxides such as dibenzoyl peroxide, 
di-p-chlorobenzoyl peroxide and dilauroyl peroxide. 

In view of the curing speed, a secondary amine or tertiary amine having an amino group bonded to an 
aryl group is preferably used as the amine. For example, there can be mentioned N,N'-dimethylaniline, 
N,N'-dimethyl-p-toluidine, N-methyl-N'-g-hydroxyethylaniline, N,N'-di(p-hydroxyethyl)aniline, N,N'-di(P- 
hydroxyethyl)-p-toluidine, N-methylaniline and N-methyl-p-toluidine. These amines may be in the form of 
salts with hydrochloric acid, acetic acid, phosphoric acid or an organic acid. 

In view of the stability of the curing agent, an alkali metal salt, alkaline earth metal salt or amine salt of 
an arylsulfinic acid is preferred as the sulfinic acid salt. For example, there can be mentioned sodium 
benzene-sulfinate, calcium benzene-sulfinate, strontium benzene-sulfinate, ammonium benzene-sulfinate, 
triethylammonium benzene-sulfinate, N,N'-dimethyl-p-toluidine benzene-sulfinate and alkaline earth metal 
salts of p-toluene-sulfinic acid, p-naphthalene-sulfinic acid and styrene-sulfinic acid. 

In the above-mentioned polymerization catalyst, it is preferred that the amount used of the peroxide 
and amine be 0.05 to 5% by weight, especially 0.1 to 2% by weight, based on the total monomers, and it 
also is preferred that the amount used of the organic sulfinic acid salt is 0.05 to 2% by weight, especially 0.1 
to 0.9% by weight, based on the total monomers. 

The adhesive of the present invention can be used in the form of a one-pack type adhesive or a two- 
pack type adhesive according to the intended use and the composition. 

In case of the room temperature polymerization, if all the components of the polymerization catalyst 
are contained in one pack, the polymerization starts. Accordingly, in principle, the components of the 
polymerization catalysts are contained in two different packs, and when the adhesive is used, necessary 
amounts of the components are taken out from the packs and are mixed to form an adhesive. The adhesive 
of this type can be treated as in case of known adhesives. 

It is preferred that a small amount of a polymerization inhibitor such as hydroquinone, hydroquinone 
monomethyl ether or butylhydroxytoluene is added to the adhesive composition of the present invention 
according to need. 

Except the above-mentioned two-pack type adhesive, the acrylate compound composition of the 
present invention may be stored in one pack after the components (a) through (c) or (a) through (d) have 
been appropriately mixed. The mixing method is not particularly critical. For example, before packing, the 
respective components are mixed by a kneader, a ball mill, a crusher or a V-blender. Alternately, the 
respective components are separately charged in a pack. 

An organic solvent can be added to the composition of the present invention according to need. An 
easily volatile organic solvent such as acetone, dichloromethane, chloroform or ethanol is preferred as the 
organic solvent 

As illustrated in the examples given hereinafter, the acrylate compound represented by the general 
formula (I) has a very high adhesiveness and is excellent in the durability. Accordingly, an adhesive 
comprising this acrylate compound as one component can be used for bonding metals, ceramic materials, 
hard tissues of a human body such as teeth and bones, and organic polymeric materials. 

The adhesive composition of the present invention is improved in the bonding strength, the water 
resistance and the resistance to repeated heating in water over known adhesive compositions. 
Accordingly, the adhesive composition is very important and valuable as a novel adhesive in all the kinds of 
bonding. 

The present invention will now be described in detail with reference to the following examples that byi 
no means limit the scope of the invention. 

The following abbreviations are used in the examples. 



in which the mean value of m + n is 2.6. 
3G: triethylene glycol dimethacrylate 
HEMA: 2-hydroxyethyI methacrylate 

Bis-GMA: 2,2-bis(4-(3-methacrYloyloxy-2-hydroxypropoxy)phenyl)propane 
NPG: neopentyl glycol dimethacrylate 



D-2.6E: 




12 



EP 0 206 810 B1 

BPO: dibenzoyl peroxide 

AIBN: 2,2'-azobisisobutyronitrile 

BHT: butylhydroxytoluene 

HQME: hydroquinone monomethyl ether 

UDMA: di(methacryloxyethyl|trimethylhexamethylene-diurethane 
HD: 1,6-hexane-diol dimethacrylate 
PMMA: polymethyl methacrylate 
PEMA: polyethyi methacrylate 

Example 1 

A 300-ml three-neck flask equipped with a dropping funnel and a cooling tube was charged with 33.8 g 
of diethyl malonate and 150 ml of ethanol, and 4.85 g of metallic sodium was added under ice cooling and 
the mixture was stirred until a homogeneous solution was formed. Then, 50.0 g of 1f>bromo-1-decanol was 
dropped through the dropping funnel and the solution was heated at 80°C for 3 hours. 

The solution was transferred to an eggplant type flask having a capacity of 500 ml and ethanol was 
distilled under reduced pressure. Then, 120 ml of an aqueous solution of NaOH having a concentration of 
20% by weight was added and the mixture was heated at 100°C for 2 hours, and 130 ml of 6N hydrochloric 
acid was dropped to adjust the pH value of the solution to about 2. The formed solid was recovered by 
filtration, washed with water and dissolved in acetone, and water was removed by anhydrous sodium 
sulfate and anhydrous magnesium sulfate. Then, acetone was removed by distillation under reduced 
pressure at room temperature. 

A 300-ml three-neck flask equipped with dropping funnel was charged with 10 g of the so-obtained 
solid 4.27 g of triethylamine, 20 mg of hydroquinone and 200 ml of tetrahydrofuran, and 4.42 ml of 
methacryloyl chloride was dropped through the dropping funnel under ice cooling. The mixture was 
allowed to stand at room temperature with stirring overnight, and the mixture was filtered through a filter 
having a mesh size of 0.5 urn to remove triethylamine hydrochloric salt. The obtained solution was 
subjected to distillation under reduced pressure at room temperature to remove tetrahydrofuran. The 
recovered product was purified by extraction with 200 ml of dichloromethane and 100 ml of 0.1 N hydro- 
chloric acid. The dichloromethane layer was concentrated to obtain 8.5 g of a viscous, light yellow liquid. 
From various measurement results described below, it was confirmed that the isolated product was an 
acrylate compound represented by the following formula: 

CH 3 

H 2 OC ^COOH 
C-0-fCH 2 -h 0 CH 

cr cooh 

(a) The IR chart was as shown in Fig. 1 of the accompanying drawings. 

The absorption attributed to the aliphatic carbon-hydrogen bond was observed at 3000 — 2800 cm" 1 , 
the absorption attributed to the carbonyl group was observed at 1800 to 1640 cm" 1 , and the absorption 
attributed to the carbon-to-carbon double bond was observed at 1640 to 1620 cm" 1 . 

(b) The 1 H — NMR chart (tetramethylsilane as reference, 5 pp, 60 MHz) was as shown in Fig. 2 of the 
accompanying drawings. A singlet of two protons of the carboxylic acid appeared at 9.5 ppm (lost by 
substitution with deuterium), doublets of two protons of the double bond appeared at 5.6 ppm and 6.2 
ppm, respectively, a triplet of two protons of the methylene group adjacent to the ester bond appeared at 
4.3—3.9 ppm, a triplet of one proton of the methine group appeared at 3.55—3.15 ppm, a singlet of three 
protons of the methyl group appeared at 1.9 ppm, a broad singlet of 18 protons of the methylene groups 
appeared with 1.3 ppm being as the center. 

(c) From the results of the measurement of the mass spectrum by the mass analysis (MS— FD), it was con- 
firmed that the peak of M® + 1 appeared at m/e 329. 

(d) The elementary analysis values were 62.05% of C 8.61 % of H, which were well in agreement with the 
theoretical values, that is, 62.17% of C and 8.59% of H. 



Example 2 

A 300-ml three-neck flask equipped with a dropping funnel and a cooling tube was charged with 33.8 g 
of diethyl malonate and 150 ml of ethanol, and 4.85 g of metallic sodium was added under ice cooling and 
stirring was conducted until a homogeneous solution was formed. Then, 50 g of 10-bromo-1-decanol was 
added and the solution was heated at 70°C for 5 hours. 

The solution was transferred to an eggplant type flask having a capacity of 500 ml and 120 ml of an 
aqueous solution of NaOH having a concentration of 20% by weight was added and ethanol was distilled 
while the hydrolysis was carried out at 100°C for 2 hours. Then, 130 ml of 6N hydrochloric acid was dropped 
to adjust the pH value of the solution to about 2. The formed solid was recovered by filtration using a glass 
filter and washed with water. 
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Then, a 300-ml three-neck flask was charged with 30 g of the so-obtained solid, 60 g of methacrylic 
acid, 1 g of p-toluene-sulfonic acid and 0.1 g of HQME, and dehydration reaction was carried out at 80°C for 
3 hours under reduced pressure (100 — 200 mmHg) while blowing dry air into the flask. The resulting liquid 
was transferred to a separating funnel having a capacity of 1 liter, and 200 ml of dichloromethane and 200 
5 ml of water were added and sodium hydrogencarbonate was added little by little to adjust the pH value to 
about 8. The dichloromethane layer was washed with water 2 or 3 times. Then, 1 N hydrochloric acid was 
added to adjust the pH value to about 2. Water washing was further conducted and concentration was 
carried out to obtain the same acrylate compound as obtained in Example 1. 

10 Example 3 

A 300-ml flask equipped with a dropping funnel and a cooling tube was charged with 44.2 g of diethyl 
malonate and 100 ml of ethanol, and 6.4 g of metallic sodium was added under ice cooling and stirring was 
conducted until a homogeneous solution was formed. Then, 50.0 g of 6-bromo-1-hexanol was dropped and 
the solution was heated at 70°C for 5 hours. 

15 The solution was transferred to an eggplant type flask having a capacity of 500 ml, and 100 ml of an 
aqueous solution of NaOH having a concentration of 30% by weight was added and the mixture was 
heated at 110°C for 1 hour. After cooling, 12N hydrochloric acid was dropped to adjust the pH value below 2 
and the majority of ethanol was removed by distillation under reduced pressure. The solution was 
transferred to a separating funnel having a capacity of 500 ml and 200 ml of ethyl acetate was added, and 

20 water washing was carried out 3 times and the ethyl acetate layer was dehydrated with anhydrous sodium 
sulfate and anhydrous magnesium sulfate. The solvent was removed by distillation under reduced 
pressure to obtain 33.8 g of a malonic acid compound. 

The malonic acid compound was reacted with methacryloyl chloride in the same manner as described 
in Example 1 to obtain the following acrylate compound: 

25 

CH 3 

H 2 C =C H 

>-0-tCH 2 -t 6 C< COOH 
0^ COOH 

(a) IR 

The absorption attributed to the aliphatic carbon-hydrogen bond was observed at 3000 — 2800 cm" 1 , 
35 the absorption attributed to the carbonyl group was observed at 1800 — 1640 cm" 1 , and the absorption 
attributed to the carbon-to-carbon double bond was observed at 1640—1620 cm" 1 . 

(b) 1 H— NMR {tetramethyisilane as reference, 6ppm, 60 MHz) 

The spectrum was the same as the spectrum of Fig. 2 obtained in Example 1 except that a broad singlet 
40 of 10 protons of the methylene groups appeared with 1.30 ppm being as the center. 

(c) Mass Analysis (MS — FD) 

In the mass spectrum, the peak of M® + 1 appeared at m/e 273. 

45 (d) Elementary Analysis Values 

The elementary analysis values were 57.20% of C and 7.45% of H, and they were well in agreement 
with the theoretical values, that is, 57.34% of C and 7.40% of H. 

Example 4 

so The following acrylate compound was prepared in the same manner as described in Example 1 except 
that 36.7 g of diethyl methyl malonate, 50.0 g of 10-bromo-1-decanol and 4.85 g of metallic sodium were 
used as the starting compounds. 

/ CK 3 

CH 2 =C CH 3 

>-0^H 2 t 10 ^ CCOH 



60 



65 



The absorption attributed to the aliphatic carbon-hydrogen bond was observed at 3000—2800 cm \ 
the absorption attributed to the carbonyl group was observed at 1800—1640 cm \ and the absorption 
attributed to the carbon-to-carbon double bond was observed at 1640—1620 cm \ 
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(b) 1 H — NMR (tetramethylsilane as reference, 6ppm, 60 MHz) 

The — NMR chart was as shown in Fig. 3 of the accompanying drawings. A singlet of two protons of 
the carboxylic acid appeared at 9.8 ppm (lost by substitution with deuterium), doublets of two protons of 
double bonds appeared at 5.6 ppm and 6.2 ppm, respectively, a triplet of two protons of the methylene 
group adjacent to the ester bond appears at 4.3—3.9 ppm, a singlet of three protons of the methyl group on 
the double bond appeared at 1.9 ppm, and a broad singlet of 21 protons of methyl groups on quaternary 
carbons and methylene groups appeared with 1.3 ppm being as the center. 

(c) Mass Analysis (MS— FD) 

In the mass spectrum, the peak of M® + 1 appeared at m/e 343. 

(d) Elementary Analysis Values 

The elementary analysis values were 63.19% of C and 8.91% of H, and they were well in agreement 
with the theoretical values, that is, 63.13% of C and 8.83% of H. 

Example 5 

A 300-ml three-neck flask equipped with a dropping funnel and a cooling tube was charged with 33.8 g 
of diethyl malonate and 150 ml of ethanol, and 4.85 of metallic sodium was added under ice cooling and 
stirring was conducted until a homogeneous solution was obtained. Then, 50 g of 10-bromo-1-decanol was 
dropped through the dropping funnel and the solution was heated at 80°C for 3 hours. After cooling, 4.85 g 
of metallic sodium was further added and dissolved in the solution. Then, 50 g of 10-bromo-1-decanol was 
dropped through the dropping funnel and the solution was heated at 80°C for 5 hours. Then, the solution 
was treated in the same manner as described in Example 1 to obtain the following acrylate compound: 



25 



30 



CH3 

CH 2 =C 

C-OHCHs-hRj 

or 



^COOH 
2 COOH 



(a) IR , 
35 The absorption attributed to the aliphatic carbon-hydrogen bond was observed at 3000—2800 cm , 
the absorption attributed to the carbonyl group was observed at 1800—1640 cm 1 , and the absorption 
attributed to the carbon-to-carbon double bond was observed at 1640 to 1620 cm \ 



40 



45 



(b) 'H — NMR (tetramethylsilane as reference, Sppm, 60 MHz) 

X^e ih— NMR chart was as shown in Fig. 4 of the accompanying drawings. A singlet of two protons of 
the carboxylic acid appeared at 9.3 ppm (lost by substitution with deuterium), doublets of 4 protons of 
double bonds appeared at 5.6 ppm and 6.2 ppm, respectively, a triplet of 4 protons of methylene groups 
adjacent to the ester bond appeared at 4.3—3.9 ppm, a singlet of 6 protons of methyl groups appeared at 
1.9 ppm, and a broad singlet of 36 protons of methylene groups appeared with 1.3 ppm being as the center. 

(c) Mass Analysis (MS — FD) 

In the mass spectrum, the peak of M® + 1 appeared at m/e 554. 



(d) Elementary Analysis Values 
so The elementary analysis values were 67.45% of C and 9.51% of H f and they were well in agreement 
with the theoretical values, that is, 67.36% of C and 9.48% of H. 

Example 6 

Various acrylate compounds shown in Table 1 were synthesized by carrying out the reaction in the 
same manner as described in Example 1 or 5. Each compound was identified and confirmed by the 
methods described in Example 1. 

Incidentally, R„ R 2 , R 3 and n in Table 1 are those of the following general formula: 
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(CH 2 =C-COO-R^ n C 



COOH 
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Examples 7 through 12 and Comparative Examples 1 through 3 
With respect to the acrylate compounds obtained in Examples 1 through 6, the adhesive strength was 
tested. 

An adhesive composition shown in Table 2 was prepared. 

5 

Table 2 

Component Amount (parts by weight) 

70 D-2.6E 40 
NPG 30 
3G 20 
Acrylate compound 10 
Silane-treated fine 100 

quartz powder 
BPO 2 
HQME 0.05 

25 The adhesion strength of the adhesive composition was measured according to the following 
procedures. 

An Ni-Cr alloy having a length of 10 mm, a width of 10 mm and a thickness of 3 mm was polished by 
#1000 abrasive paper and then by 0.3 pm Al 2 0 3 - A sticky double-coated tape having a hole of a diameter of 
5 mm and having a thickness of 50 urn was applied to the polished Ni-Cr alloy and the adhesive 

30 composition was coated on the hole. A stainless steel rod having a diameter of 8 mm and a length of 20 
mm, which had been polished by #320 abrasive paper was pressed on the adhesive composition and the 
assembly was heated at 100°C for 15 minutes. The adhesive strength of the bonded structure was 
measured just after cooling (AA), after immersion in water at 23°C for 6 months (AB) and after 5000 times 
repetition of the heat treatment comprising immersion in water at 4°C for 1 minute and immersion in water 

35 at 60°C for 1 minute (AC). The obtained results are shown in Table 3. 

Incidentally, the following compounds were used as the acrylate compound of the adhesive 
composition of the present invention. 

A: CH 2 =C^ COOH 
^CCXttCl^ioCH^ 
a COOH 

B: CH 2 =C^ ^COOH 
so N COOtCH 2 ilo CH N 

COOH 

/C H 3 

55 C: CH 2 =C COOH 

COOtCH 2 T8CH 

TOOH 

eo CH3 

D: CH 2 =C^ ^COOH 
COO+CH^CH 

65 COOH 

18 
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CH3 

E: C "2< ? H > COOH 

coof ch 2 -)to c \ 

COOH 



CH 2 =C 



CH3 



cootCH 2 -)To 



COOH 



\ 

' 2 COOH 



The following compounds were used as the adhesive component of the comparative adhesive 
composition. 



R: / CH 3 

CH 2=C\ CONH-CH-COOH 

CH 2 -COOH 
CH3 CH 2 -C0OH 
S- CH 2 =C-CO-NH-(g>-N v / 



\ 



CH 2 -C00H 
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Examples 13 through 18 

By using the acrylate compound A r adhesive compositions were prepared in the same manner as 
described in Examples 7 through 12 except that 2 parts by weight of a peroxide shown in Table 4 was used 
instead of BPO, and the adhesion strength was measured in the same manner as described in Examples 7 
through 12 except that the heating temperature was changed according to the kind of the peroxide. The 
obtained results are shown in Table 4. 
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Examples 19 through 24 and Comparative Examples 4 through 6 
Adhesive compositions were prepared in the same manner as described in Examples 7 through 12 
except that an azo compound shown in Table 5 was used instead of benzoyl peroxide and the bonding 
operation was carried out at 80°C for 15 minutes. The adhesion strength was measured by the method 
5 described in Examples 7 through 12. The obtained results are shown in Table 5. 
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Examples 25 through 28 

Adhesive compositions shown in Table 6 were prepared and the adhesion strength was measured by 
the method described in Examples 7 through 12. The obtained results are shown m Table 7. 



Table 6 



Component 

HD 

UDMA 

Acrylate compound A 
BPO 
Filler 



Amount (parts by weight) 
50 
30 
20 
1 

shown in Table 7 
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Examples 29 through 30 and Comparative Examples 7 through 9 
The bonding strength between the adhesive composition and the dentine of a bovine tooth was 
measured according to the following method. A freshly extracted bovine front tooth stored in cold water 
was taken out from coid water just before the test and the dentine was exposed under pouring of water in 
5 parallel to the lip surface by #800 emery paper. Then, compressed air was blown to the polished surface for 
10 seconds to effect drying. A double-coated tape and paraffix wax having a hole having a diameter of 
4 mm were fixed to the polished surface to form an imitation cavity. 

An equal amount mixture of liquids I and II of an adhesive composition shown in Table 8 was coated on 
the tooth surface, and compressed air was blown to the surface to evaporate ethanol. Then, a kneaded 
10 commercially available composite resin (Palfique supplied by Tokuyama Soda) was filled in the cavity. 
After the composite resin was cured, the paraffin wax was removed and the test piece was stored in water 
at 37°C for 24 hours. A metal attachment was attached to the test piece and the tensile adhesion strength 
was measured by a tensile tester at a crosshead speed of 10 mm/min. The obtained results are shown in 
Table 9. 

15 

Table 8 



Component Amount (parts 

20 by weight) 

Liquid I Bis-GMA 27 

3G **3 

25 HEMA 20 

acrylate compound shown in Table 9 

BPO 1 . 0 

30 HQME 0.05 



Liquid II ethanol 100 

sodium p-toluene- 0.8 
sulf inate 

N,N-diethanol-p-toluidine 0 . 8 
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Table 9 

Example Acrylate Amount (parts Adhesion 

No. Compound by weight) of Strength 

Acrylate (kg/cm 2 ) 

Compound 



29 


A 


5 


20 


30 


A 


10 


33 


31 


A 


20 


35 


32 


A 


10 


32 


33 


B 


10 


27 


34 


C 


10 


27 


35 


D 


10 


28 


36 


D 


20 


29 


37 


D 


40 


25 


38 ' 


E 


10 


21 


39 


F 


10 


25 



Comparative not - 0 

Example 7 added (peeling on removal 



Comparative R 10 0 

Example 8 (peeling by immersion 



Comparative S 10 0 

Example 9 (peeling by immersion 



of paraffin wax) 
0 

(peeling by immei 
in water at 37*C) 

0 

(peeling by immert 
in water at 37*C) 



Examples 40 through 44 

Adhesive compositions were prepared in the same manner as described in Examples 29 through 39 
except that the amount added of the acrylate compound A was adjusted to 20 parts by weight in the liquid I 
and the sulfinic acid salt and amine in the liquid li were changed as shown in Table 10, and the adhesion 
strength was measured by the method described in Examples 29 through 39. The obtained results are 
shown in Table 10. 
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Examples 45 through 54 and Comparative Examples 10 through 12 
The adhesion strengths of the adhesion composition of the present invention to the enamel of a bovine 
tooth and an Ni— Cr alloy were measured according to the following method. A freshly extracted bovine 
front tooth stored in cold water was taken out from cold water before the test, and the enamel was exposed 
5 under pouring of water in parallel to the lip surface by #800 emery paper. Then, the surface was etched for 
30 seconds with an aqueous solution of phosphoric acid having a concentration of 37% by weight and 
washed with water, and compressed air was blown for about 10 seconds to effect drying. A double-coated 
tape having a hole of a diameter of 5 mm and having a thickness of 50 urn was applied to the tooth surface. 
An adhesive composition shown in Table 11 was coated in the hole and a stainless steel rod having a 
10 diameter of 8 mm and a length of 20 mm, the surface of which was roughened by 50 urn sand blast, was 
pressed in the hole. After the adhesive composition was cured, the bonded structure was immersed in 
water at 37°C for 24 hours and the tensile adhesion strength was measured by a tensile tester at a 
crosshead speed of 10 mm/min. 

In case of the adhesion strength of an Ni— Cr alloy, a test piece was prepared in the same manner as 
is described in Examples 7 through 12, normal temperature curing was carried out at 23°C, the test piece was 
immersed in water at 37°C for 24 hours, and the tensile strength was measured. 

Incidentally, just before bonding, 1 part by weight of a liquid was mixed with 2 parts by weight of a 
powder for about 30 seconds. 

20 

Table II 



Component Amount (parts 

25 ^ ~ ~ by weight) 

Liquid D-2.-6E <*0 

NPG 30 

30 ' 3G 20 

Acrylate compound shown in Table 12 

BPO 1 

35 BHT 0.05 



Powder Silane-treated fine 100 
quartz powder 

Sodium p-toluene- 0.2 
sulfonate 

N,N f -diethanol-p- 0.4 
toluidine 
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Examples 55 through 60 and Comparative Example 13 
The adhesion strength of the adhesive composition of the present invention to a Co— Cr alloy was 
measured. A test piece was prepared in the same manner as described in Examples 7 through 12, and an 
adhesive composition shown in Table 13 was cured at 23°C, the test piece was immersed in water at 37°C 
for 24 hours, and the tensile strength was measured. Incidentally, just before bonding, 1 part by weight of a 
liquid was mixed with 1 .6 parts of a powder for about 20 seconds. The obtained results are shown in Table 
14. 



10 



15 



20 



Table 13 



Component 



Liquid MMA 

Acrylate compound 

BPO 

BHT 



Amount (parts 
by weight) 

80 

20 

1 

0.05 



Powder 



25 



30 



PMMA 
PEMA 

Sodium p-toluene- 
sulf inate 

N,N* -diethanol-p- 
toluidine 



90 
10 
0.3 

0.5 



35 







Table 


14 


40 


Example 
No. 


Acrylate 
Compound 


Adhesion Strength 
(ke/cm 2 ) to Co-Cr 




55 


A 


305 


45 


56 


B 


285 




57 


C 


286 


50 


58 


D 


295 




59 


E 


275 


55 


60 


F 


270 


60 


Comparative 
Example 13 


not 
added 


84 



65 
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Examples 61 through 69 and Comparative Examples 14 through 16 
In the same manner as described in Examples 29 through 39, an imitation cavity was formed in the 
dentine of a bovine tooth, and an adhesive composition shown in Table 15 was coated and a photo-curable 
composite resin shown in Table 1 6 was filled in the cavity. The tooth was irradiated with rays em.tted from 
a commercially available visible ray irradiator ("Optilux" supplied by Demetron) for 30 seconds to cure the 
composite resin. The paraffin wax was removed and the tooth was stored in water at 37 C for 24 hours. A 
metal attachment was attached to the test piece and the tensile adhesion strength was measured by using a 
tensile tester at a crosshead speed of 10 m/min. The obtained results are shown in Table 17. 



15 



20 



25 



Component 
Bis-GMA 
3G 

HEM A 

Acrylate compound 
Camphorquinone 
N ^-Dimethyl-p-toluidine 
HQME 



Table 15 

Amount (parts by weight) 
27 
43 
20 

shown in Table 17 
0.4 
0.4 
0.05 



30 



35 



40 



45 



Component 
Bis-GMA 
3G 

Te t rame t hy lo lme t hane 
triacrylate 

Camphorquinone 

N ,N-Dimethyl-p-toluidine 

HQME 

Silane-treated fine quartz 
powder 



Table 16 

Amount (parts by weight) 
42 
28 
30 



0.4 
0.4 
0.05 
200 
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Examples 70 through 73 

Adhesive compositions were prepared in the same manner as described in Examples 61 through 69 
? iT^lTbv weiaht of the acrylate compound A was used and the photo-sensmzer and curing 

;r ^ « «5 *• t ^r"? T r. Ts easured by the 

described in Examples 61 through 69. The obtained results are shown m Table 18. 
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Examples 74 through 79 

In the same manner as described in Examples 45 through 54, the enamel of a bovine tooth and an 
Ni — Cr alloy were treated, and a double-coated tape having a thickness of 0.1 mm and a hole diameter of 
5 mm was applied, and an adhesive composition shown in Table 19 was coated in the hole and a 
polypropylene film having a thickness of 6 pm was placed thereon. Then, the test piece was irradiated with 
ultraviolet rays for 1 minute by a commercially available ultraviolet irradiator {Nuvalight supplied by L. D. 
Caulk) to effect curing. The polypropylene film was removed and a metal attachment was attached to the 
test piece, and the tensile adhesion strength was measured by a tensile tester. The obtained results are 
shown in Table 20. 



Table 19 
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Component 
Bis GMA 
3G 
NPG 

Acrylate compound (A) 
Photo- sensitizer 
Curing promotor 



Amount (parts by weight) 
30 
40 
20 
10 

shown in Table 20 
shown in Table 20 
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Claims 

1. An acrylate compound of formula (I) 



Rl ^3^2-n 

• I ^-COOH / t \ 

(CH 2 =C-COO-R 2 -inC <T (I) 
c ^^COOH 

W wherein R, is hydrogen or alkyl having 1 to 4 carbon atoms, R 2 is alkylene having 2 to 20 carbon atoms, R 3 is 

hydrogen or alkyl having 1 to 20 carbon atoms and n is 1 or 2. 

2. An acrylate compound according to claim 1, wherein R, is hydrogen or methyl, R 2 is alkylene having 

4 to 12 carbon atoms, R 3 is hydrogen or alkyl having 1 to 4 carbon atoms and n is 1. . 
r5 3. An acrylate compound according to claim 1 or claim 2 wherein is hydrogen or methyl, R 3 is 

hydrogen and n is 1. 

4 ll-Methacryloxy-1,1-undecanedicarboxylic acid. 

5 An acrylate compound composition comprising (a) 1 to 50% by weight of an acrylate compound 
according to any one of claims 1 to 4 and (b) 99 to 50% by weight of a vinyl monomer copolymerizable with 

20 the acrylate compound. , . , ^ 

6. An acrylate compound composition according to claim 5 wherein the vinyl monomer is a compound 
of formula (VI), (VII), (VIII), (IX), (X) or (XI): 



25 



30 



CH 2 = C - COOC— Rg (VI) 

Xr io 



35 



wherein R, is hydrogen or alkyl having 1 to 4 carbon atoms and R 8 , R 9 and R no may be the same or different 
and each is hydrogen or alkyl having 1 to 12 carbon atoms, which is unsubstituted or substituted with a 
hydroxyl group and/or an epoxy group; 

Ri 

(CH 2 =C-C004HrRii (V,,) 

wherein R, is as defined above, m is 2, 3 or 4 and (pu , uM , u , u . 

40 (a) when m is 2, R„ is alkylene having 2 to 10 carbon atoms or a group 4-CH 2 CH 2 0 VCH 2 CH 2 — in 
which q is an integer of from 1 to 9, 
(b) when m is 3, Rn is 



45 



-CH 2 -CH 2 

~ CH 2/ CCH 2 CH 3 or ~ CH 2/ CCH 2 0H 
-CH2 -CH^ 
and 

so ( c ) when m is 4, R„ is 

— CH 2 R t 
I I 

— CHa — C — CH 2 — ; CH 2 =C-C00(R 13 --0VRi {V [||) 
— CH 2 

wherein is as defined above, R 13 is alkylene having 2 to 4 carbon atoms, and p is from 1 to 3; 

Rl CH^ Rj 

CH2=C-COOfR l4 .0H^c-^0^ n R 15 .OOC-C=CH2 (IX) 

CH3 
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wherein R, is as defined above, R 14 and R 1S are the same or different and each is alkylene having 3 to 4 
carbon atoms substituted with a hydroxy! group, and n is 1 or 2; 

CH 2 =C-Col W^C^O^^ (X) 

CH3 'n 

wherein R, is as defined above, I is from 0 to 2, k is from 0 to 2, and n is 1 or 2; 

R, 0 
(CH 2 =C — COO — R 16 — 0 — C— NH k-R 17 
wherein R 1 is as defined above, R 16 is alkylene having 2 to 4 carbon atoms and R 17 is alkylene having 4 to 12 
carbon atoms. ^ compoun d composition according to claim 5 or ciaim 6 further comprising a 
polymerization catalyst in an amount of 0.05 to 5% by weight based on the total amount of the acrylate 
70 compound (a) and the vinyl monomer (b). . 

8 An acrylate compound composition according to claim 7, wherein the polymerization catalyst is (a) 
an orqanic peroxide or azo compound, or (b) an a-diketone compound, a thioxanthone compound, a 
benzoin alkyl ether compound or a benzophenone derivative, or (c) at least an a-diketone compound and an 

am! 9 e An^c^tecompounds composition according to any one of claims 5 to 8 further comprising a filler 
in an amount of from 5 to 500% by weight based on the total amount of the acrylate compound (a) and the 

Vm \™ An°a^rylate compound composition according to claim 9, wherein the filler is an organic polymer or 

an '^^'^^^^^y^ compos ition according to claim 10, wherein the filler is at least one organic 
polymer selected from polymethyl methacrylate, polyethyl methacrylate and a copolymer comprising 
methyl methacrylate or ethyl methacrylate as one component 

12. An acrylate compound composition according to claim 1 0 wherein the filler is at least one inorganic 
material selected from amorphous silica, crystalline silica, and silica-titania compound, a silica-zirconia 
compound, titania, barium sulfate, hydroxy apatite and barium glass. 
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Patentanspruche 

1. Acryiatverbindung der Formel (I) 



fl I l^COOH (I) 



(CH 2 =C-COO-R 2 -}- n C 



COOH 



worin bedeuten: R, Wasserstoff oder Alkyl mit 1-4 Kohlenstoffatomen, R 2 Alkylen mit 2—20 
Kohlenstoffatomen, R 3 Wasserstoff oder Alkyl mit 1—20 Kohlenstoffatomen, und n 1 oder £ 

2 Acryiatverbindung nach Anspruch 1, dadurch gekennzeichnet, daS R t Wasserstoff oder Methyl ist, 
R 9 Alkylen mit 4— 12 Kohlenstoffatomen, R 3 Wasserstoff oder Alkyl mit 1—4 Kohlenstoffatomen, und n 1 ist 
so 3. Acryiatverbindung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daS R, Wasserstoff oder 

Methyl, R 3 Wasserstoff und n 1 ist 

4 n-Methacryloxy-1,1-undecandicarbonsaure. 

5 Acrylat-Zusammensetzung umfassend (a) 1—50 Gew.% einer Acryiatverbindung nach emem der 
Anspruche 1-4 und (b) 99— 50 Gew.% eines mit der Acryiatverbindung copolymensierbaren 

ss ^^^^^^^^^^^^ nach Anspruch 5, dadurch gekennzeichnet daS das Vinylmonomer eine 
Verbindung der Formel (VI), (VII), (VIII), (IX), (X), oder (XI) ist: 

»1 / R 8 



60 CH 2 = C - COOC— R 9 (VI) 

Xr io 

worin R, Wasserstoff oder Alkyl mit 1-4 Kohlenstoffatomen und R* R 9 und R n0 gleich oder verschieden 
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sind und bedeuten: Wasserstoff oder Alkyl mit 1—12 Kohlenstoffatomen, das unsubstituiert oder mit einer 
Hydroxygruppe und/oder Epoxygruppe 

Ri 

5 (CH 2 =C-C0(HrRii < vn > 

substituiert ist, worin R t die vorstehende genannte Bedeutung besitzt, und m 2 r 3 oder 4 ist, und 

(a) wenn m 2 ist, Rn Alkylen mit 2—10 Kohlenstoffatomen oder eine Gruppe -4-CH 2 CH 2 0 VCH 2 CH 2 — 
jo ist, worin q eine ganze Zahl von 1 bis 9 ist, 

(b) wenn m 3 ist, R„ 

-CH~ -CH 2 



15 



20 



-CH 2 -^CCH 2 CH 3 oder -CH^ CCH 2 0H 
-CH 2 - CH 2 



ist, und 

(c) wenn m 4 ist, Rn 



— CHj. R, 



— CH 2 — C— CH 2 — ist; CH 2 =C— C00(R 13 — O VRi < vl "> 
1 

25 — CH 2 



30 
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40 



worin R, die vorstehend angegebene Bedeutung besitzt, R 13 Alkylen mit 2-4 Kohlenstoffatomen ist und p 1 
bis 3 bedeutet; 

Rl CH? Ri 

CH 2 =C-COOfR l4 -0-<g>-C-^)-0thRl5-OOC-C=CH2 ' ( IX ) 

CH3 

worin R, die vorstehend angegebene Bedeutung besitzt, R n4 und R 1S gleich oder verschieden sine I und ein 
mit einer Hydroxygruppe substituiertes Alkylen mit 3 bis 4 Kohlenstoffatomen bedeuten, und n 1 oder 2 ist, 

CH 2 =C-Co[ofCH 2 CH 2 0^ i <^C-<^-(OCH2CH2t k OOC-C=CH2 ' ( X ) 

CH3 "n 

*s worin R, die vorstehend angegebenen Bedeutung besitzt, 1 0 bis 2, k 0 bis 2, und n 1 oder 2 bedeutet; 

R, 0 
(CH 2 =C— COO— R, 6 — O— C— NHVR17 (X,) 

50 worin R, die vorstehend angegebenen Bedeutung besitzt, R„ Alkylen mit 2 bis 4 Kohlenstoffatomen ist, 
und R,7 Alkylen mit 4 bis 12 Kohlenstoffatomen bedeutet. 

7 Acrylat-Zusammensetzung nach Anspruch 5 und 6, dadurch gekennzeichnet, daB sie ferner einen 
Polymerisationskatalysator in einer Menge von 0.05 bis 5 Gew.%, bezogen auf die Gesamtmenge der 

55 Acrylatverbindung (a) und des Vinylmonomers (b), umfaBt. 

8 Acrylat-Zusammensetzung nach Anspruch 7, dadurch gekennzeichnet, daB der 
Polymerisationskatalysator (a) ein organisches Peroxid oder eine Azoverbindung ist, oder (b) eine a- 
Diketon-Verbindung, eine Thioxanthon-Verbindung, eine Benzoinalkylether-Verbindung oder ein 
BenzoDhenonderivat ist, oder (c) mindestens eine a-Diketon-Verbindung und eine Aminverbindung. 

R0 9 Acrylat-Zusammensetzung nach einem der Anspruche 5 bis 8, dadurch gekennzeichnet, daB sie 
femer einen Fullstoff in einer Menge von 5 bis 500 Gew.%, bezogen auf die Gesamtmenge der 
Acrylatverbindung (a) und des Vinylmonomers (b) umfaBt. p,- MBtnH »■„ 

10. Acrylat-Zusammensetzung nach Anspruch 9, dadurch gekennzeichnet, daB der Fullstoff ein 
organisches Polymer oder ein anorganisches Material ist 

65 s n. Acrylat-Zusammensetzung nach Anspruch 10, dadurch gekennzeichnet, daB der Fullstoff 
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mindestens ein organisches Polymer ist, ausgewahlt aus Polymethylmethacrylat, Polyethyimethacrylat 
und einem Copolymer umfassend Methylmethacrylat oder Ethylmethacrylat als eine Komponente. 

12. Acrylat-Zusammensetzung nach Anspruch 10, dadurch gekennzeichnet, daft der Fullstoff 
mindestens ein anorganisches Material ist ausgewahlt aus arnorphem Siliciumdioxid, kristallinem 

5 Siliciumdioxid, einer Siliciumdioxid-TitandioxIcj-VerUnclung, elner illlcfumclloxy-Srlconoxy-VerLmclung, 
Titandioxid, Bariumsulfat, Hydroxyapatit und Bariumglas. 

Revendicattons 

10 1. Compose acrylate de la formule (I): 

Ri 

d * n ^--COOH 

dans laquelle represente un atome d'hydrogene ou un groupe alcoyle ayant 1 a 4 atomes de carbone, R 2 
est un groupe alcoylene ayant 2 a 20 atomes de carbone, R 3 represente un atome d'hydrogene ou un 
groupe alcoyle ayant 1 k 20 atomes de carbone, et n est egal a 1 ou a 2. 

2. Compose acrylate selon la revendication 1, dans lequel R, represente un atome d'hydrogene ou un 
groupe methyle, R 2 est un groupe alcoylene ayant 4 a 12 atomes de carbone, R 3 represente un atome 
d'hydrogene ou un groupe alcoyle ayant 1 a 4 atomes de carbone, et n est egal a 1. 

3. Compose acrylate selon la revendication 1 ou la revendication 2, dans lequel Rj represente un atome 
d'hydrogene ou un groupe methyle, R 3 represente un atome d'hydrogene et n est egal a 1. 

4. Acide 11-methacryloxy-1,1-undecanedicarboxylique. 

5. Composition de compose acrylate contenant (a) 1 a 50% en poids d'un compose acrylate selon I'une 
quelconque des revendications 1 a 4 et (b) 99 a 50% en poids d'un monomere vinylique copolymerisable 
avec le compose acrylate. . 

6 Composition de compose acrylate selon la revendication 5, dans lequel ie monomere vinylique est 
un compose de la formule (VI), (VII), (VIII), (IX), (X) ou (XI): 

ch 2 = c - cooc— r 9 (vi) 
Xr io 

dans laquelle Rt represente un atome d'hydrogene ou un groupe alcoyle ayant 1 a 4 atomes de carbone, et 
R 8 , R 9 et R 10 peuvent etre identiques ou differents et chacun represente un atome d'hydrogene ou un 
groupe alcoyle ayant 1 a 12 atomes de carbone, qui est substitue ou non par un groupe hydroxyle et/ou un 
groupe epoxy; 

I 

(CH 2 =C— C004nrRn (V«> 



dans laquelle R t est comme defini ci-dessus, m est egal a 2, 3 ou 4 et 

(a) lorsque m est egal a 2, R 1n est un groupe alcoylene ayant 2 a 10 atomes de carbone ou un groupe: 
-(-CH 2 CH 2 0 V CH 2 CH 2"~ dans lea . uel °< est un nombre entier allant de 1 a 9, 
50 (b) quand m est egal a 3, R t1 est 

\ \ 



-CH^CCr^Cr^ ou -CH^- CCH 2 0H 



55 -CH 2 -CH 2 

et 

(c) quand m est egal a 4, R„ est 



60 
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— *CH 2 R-i 

— CH 2 — C-CH 2 — ; CH 2 =C-C00(R 13 —O— (VIII) 
I 

— CH, 
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dans laquelle R, est comme defini ci-dessus, R 13 est un groupe alcoylene ayant 2 a 4 atomes de carbone, et 
p est egal a 1, 2 ou 3; 

R x CHo Ri 

s CH 2 =C-COOfR 1 4-0-^^C-^-0^ n R 1 5-OOC-C=CH 2 (IX) 

CH 3 

dans laquelle R, est comme defini ci-dessus. R 14 et R 15 sont identiques ou differents, et chacun est un 
w groupe alcoylene ayant 3 a 4 atomes de carbone substitues par un groupe hydroxyle, et n est egal a 1 ou 2; 

CH 2 -C-CO[(>eCH2CH20f i ^C-@-(OCH2CH2t k OOC-C=CH2 {X) 
75 CH3 

dans laquelle R n est comme defini ci-dessus, I est egal a a 1 ou 2, k est egal a 0, 1 ou 2, et n est egal a 1 ou 2; 

20 Ri 0 

(CH 2 =C--COO-R 16 --(>-C-NH ^R 17 (XI) 

dans laquelle R, est comme defini ci-dessus, R 1B est un groupe alcoylene contenant 2 a 4 atomes de 
25 carbone, et R 17 est un groupe alcoylene contenant 4 a 12 atomes de carbone. 

7. Composition de compose acrylate selon la revendication 5 ou ia revendication 6 f contenant en plus 
un catalyseur de polymerisation en une quantite de 0,05 a 5% en poids sur la base de la quantite totale du 
compose acrylate (a) et du monomere vinylique (b). 

8. Composition de compose acrylate selon ia revendication 7, dans laquelle le catalyseur de 
30 polymerisation est (a) un peroxyde organique ou un compose azoique, ou (b) un compose d'a-dicetone, un 

compose thioxanthone, un ether benzoTne alcoyle ou un derive de benzophenone, ou (c) au moins un 
compose d'a-dicetone et un compose amine. 

9. Composition de compost acrylate selon I'une quelconque des revendi cations 5 a 8, comprenant en 
outre une charge en une quantite comprise entre 5 et 500% en poids, sur la base de la quantite totale du 

35 compose acrylate (a) et du monomere vinylique (b). 

10. Composition de compose acrylate selon la revendication 9, dans laquelle la charge est un polymere 
organique ou une matiere inorganique. 

11. Composition de compose acrylate selon la revendication 10, dans laquelle la charge est au moms 
un polymere organique choisi parmi le polymethacrylate de methyle, le polymethacrylate d'ethyle et un 

40 copolymere contenant en tant qu'un composant le methacrylate de methyle ou le methacrylate d'ethyle. 

12. Composition de compose acrylate selon la revendication 10, dans laquelle la charge est au moms 
une matiere inorganique choisie parmi la silice amorphe, la silice cristalline, et un compose silice-dioxyde 
de titane, un compose silice-zircone, du dioxyde de titane, le sulfate de baryum, I'hydroxvapatite et le verre 
de baryum. 
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